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—Reaction of Aluminum Hydride with Nitrogen Compounds,

and Sulfur Compounds —

Jung Duk-sang
Summary

Aluminum hydride. in tetrahydrofuran at 0°C, was used as a selective reducing reagent for amides,
nitriles, nitro compunds, other nitrogen compounds, and sulfur compounds.

Tertiary amides were rapidly reduced, whereas primary amides were reduced more slowly. Nitriles,
phenyl isocyanate, and pyridine N-oxide were reduced rapidly.

On the other hand. both aliphatic and aromatic nitro compounds, azobenzene, and azoxybenzene proved
to be relatively stable to the reagent. Pyridine reacted at a moderate rate with the uptake of one hydnde
per mole in 12hrs. Di-n—butyl disulfide was reduced only slowly. but dipheny! disulfide and dimethyl
sulfoxide were rapidly reduced. Finally, sulfonessulfonic acis and cyclohexyl tosylate were stable to the
reagent under these conditions.

It's properties were compared with those of LAH,LTMA and LTBA and it was shown to be relatively

effective in selective reductions.
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Flask® kiioll Azl sl mupgefe] =7}
0°C7} slA| 3}x, benzonitrile 1.30g(10mmoles)$-
THF10mtoll &8 4170 84 flaskol]l F9J4I7lct,
158-Fo uwbSEgd 4.0mE 35k glycerines}
Eo E¢L4(50:50)e Yol AFAKELHS Mk
GMEA A et

2 8holl 4 3. 98mmoles] Hy7h whas) Lol ) shod
1. 97mmole®] H,7} w}&-sit}. o] 2. 0lmmoleo] g} x}o)
7kl KEILHel mmoles
30 %o+ 1.96mmolec] wu}&x]
4h3-Fol= 5 t} 1.93mmolec] )
ot o] & 15~30tHell A= ubgo| Eabdgi=qt, 1
~34] 7} Apolol] A = dbgo] kA ek AL el
W Zolct, dbZEXN 20meell MeOHE husls
AFKELEHWS T4l 75, benzylalcohol(0.54g.
5.0mmole)2 WYEF EAEH msld, GCE
benzylamine 98%, benzonitrile 2% 2 4F-24 4128

el st o

& benzonitrile molet}t
o sfgtsicl w3

I, 147k, 3417}

1. AHO| o8t MRS

1) Amides % Nitnles
15 amidest 17t2ke] Hprb wha Al feis)=la,

2ebebsf o] Hool felt ol L@ 244|7ke] 485
och. o S5t amides2 2=+ 2ZmmoletaF
9| AlH9| =g47ko] 244 7kel v} A asle], 34
gk-Sof] of 3 AlH39| 8- oy :grel & 3
2} amides®] ZhAuE-2 of & wh2A| dof v} 15
A 30857 445 ¢}, Capronitrilest benzo-
nitrileol] 4} £ AlH32] #}&o| whzaA| A=, cf
4 2] 9} 2 benzonitrile2] #H¢lub-3o| =
ronitrile® c} o} w2A] APt F =zl 7Ll
A& Hpol whdof glgdch =tebd olob-g zhaldl
Sol AT AlH3¢| o] 42 LiAlH.-AlH39| E3E
< UA 2 A 5 A hs4dE Rolv Ao
c}, Ag Az Tablelo] goksie] glc},

2) Nitro 3gEx 1 54

230 cap

28}&-5k gkE nitro AYEEL AlH2 A9

sz ¢ketm, wofalzlal R azobenzenezl azoxy-

benzene™ ul}-$ Lz|Al ubgo] Uoiyich o}
LAHY =z&3le 2 vl@7} 5+ HLE, o] &
o] a4 W AA FHUuk-gEo] dold +

e AL Al4ske Aotk oSl HE AULE
A3l Table.2d] goFs]o) Qlr},
) e a3

Cyclohexanon oxime& H,Z we] f2j41# 3, o
235}l% cyclohexylamine® 2 #45|=ul+ 2moles}
2ko] AlHz7} 1 a9l c}, Phenyl isocyanater} o 23}
L N-—methylaniline® 2 %% =& 3moleg}take)
AlHy7t ey, 124)7h W ell - AlH,
Imolectekzl ub-¢-&lgdm, = pyridine N—oxide o
Al wimAd w2 zslgdch 9b$ A= Table3
of 4250 ek,

) FsbsighE

Dlphenyl disulfide= 1molewdzke] H,E wi&3ld
4 1580| Holl wh2A] sHdub-go] Jojytel. I,
di-n-butyl disulfidet= 8b-g-0] stz glafl 4= <
24<7be] Azl wl$ =zl Bddb-gol deofytch
Dimethyl sulfoxidet: w}2 A #hels) =] u}, sulfides}
sulfoneS- 79 2= =] oot} Sulfonic acidst
Hos #2477 gauslat asich =, cye
2441720l wbg o) AR
bl et wtebd o)l F wlmA wjg4dql sulfur 2|8k
A5 FAsll A eizbx (FRAES A=A 2
ol H5e Aolebn 42uch ol fRuUE
of e BYUS Ashe Tabledo] sobslel gleh.

pyridine&

¥ ru

ok,

f

lohexyl tosylate+

2. AlH3, LAH, LTMA % LTBAY| B4t
o Biw

1) Amides % Nitnles
1%} amides= AlH;, LAH % LTMAd] s,
0Tl A4 24412k, EE 25Tl A 3~64 7hloll HoE
uh23ld 4 amides2 s glch wbdsbA R 33
amidesT amines® Z¢l sl =jal, AlHi9} LTMAd)
e A& 0°Coll 4 304, LAHo| sl A& 3417

2 e wz2A stdsodel, zel nitrilesT

— 73—



4 Cheju National University Journal Vol. 22 (1986)

Table 1. Reaction of AlH; with representative amides and nitriles in tetrahydrofuran at 0°C

P S vt S~

reduction
Caproamided 0.25 1.13 1.51 0.3
1.0 1.22 2.13 0.91
2.0 1,42 2.63 1.21
6.0 1.42 2.89 1.47
24.0 1.42 3.44 2,01
Benzam ided 0.25 1.32 1.50 0,18
1.0 1.43 2.07 0.64
3.0 1.45 2.44 0.99
6.0 1.45 2,88 1.43
24,0 1.45 3.42 1.97
N,N-Dimethyl- 0.25 0.18 2,20 2.02
caproamide® 0.5 2.22 2.04
1.0 2.20 2.20
N,N-Dimethy]- 0.5 0.06 2.10 2.04
benzamide® 1.0 0.06 2.09 2.02
Capronitrile 0.25 0.05 1.72 1.67
0.5 1.85 1.79
1.0 2.00 1.96
3.0 2.12 2.06
Benzonitrilel 0,25 0.03 2,05 2.01
0.5 2.15 2.12
1.0 2.08 2.05
3.0 2.08 2.05

*10.0mmoles of compound. except where otherwise indicated, to 13.3mmoles of aluminum hydride

(40mmoles of hydride). "Millimoles/millimole of compound “Hydrogen evolved from blank minus

the hydrogen evolved on hydrolysis of the reaction mixture after the indicated reaction period.

46 66mmoles of compound (hydride/compound=6),

colorless to yellow.
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]
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robenzene-y 2|7 3}z at amineo| v} hydrazine o
Z 34
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1—nitropropane® nit-

azobenzenez} azoxybenzene® o 4|

’

hydrazobenzene o2 3kl A)71c}, 124}
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Table 2. Reaction of AlH; with nitro compounds and their derivatives in tetrahydrofuran at 0°C

Compound® Time Hydrog:n Hydr;:jce I:Sy:;i?:r
hr evoled used reduct ion®
1-Nitropropane 1.0 0.02 0,02 0
3.0 0,02 0.04 0.02
6.0 0.04 0.08 0.04
Nitrobenzene 1.0 0 0 0
3.0 0.06 0,07 0.01
6.0 0.19 0.28 0.09
Azobenzene 1.0 0.02 0,02
3.0 0.05 0.05
6.0 0.09 0.09
12,0 0.14 0.14
Azoxybenzene 1.0 0 0
3.0 0.06 0.06
6.0 0.09 0.09
12,0 0.27 0.27
2~“See corresponding footnotes in Table 1.
YHydrogen evolution was included.
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N-methylanilinee 2 £]4] zl=glct, = pyridine
& LAH. LTMA 9% LTBAR: 3igl5x
pyridine N—oxidex= LTBAo] 2ja 3lgls]z] ¢tor
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2| a},
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LAH 9 LTMAZ wi2A #sis|odm, LTBAZL:
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toreA gde de
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o

ERER
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Table 3. Reaction of AIH with other nitrogen compounds in tetrahydrofuran at 0°C

Hvor:
A v S o< S
reduction
Cyclohexanone 0.5 1.50 2,86 1.36
oximed 1.0 1.50 2.91 1.4
3.0 1.50 3.43 1.93
6.0 1.50 3.59 2,09
Pheny| 0.25 0,04 2,81 2,71
isocyanate 0.5 2.84 2.80
1.0 2.89 2.8
3.0 2.90 2.86
Pyridine® 0.5 0.09 0.25 0.16
3.0 0.55 0.46
6.0 0.68 0.59
12.0 1,10 1,01
Pyridine 1.0 0.53 2.62 2.09
N-oxided’f 3.0 2,79 2.26
6.0 2.9 2.38
24.0 3.84 3.31
2-dGee corresponding footnotes in Table.l
¢Solution changed from colorless to yellow.
‘Turbid yellow solution.
= ohch, $gae 0°C2 s, Hqgy AgpHoz
dh&EFEL AW AR KFELHYT FH54, 31
ghge ub3& o 3lgE moled o] £ KFEit#
o 13

i3] = o oplel AAT & 4 elgich ToT A AT
; o

kA gde FHz okol THFe| AlH; 13. vepl xjal, LAHY LTMAR
3mmolest #71318+E 10mmoled 7tsted foi & th Biel o7k "ezlch. zev AlHa: sul-
402 3t A4steded), o+ 0.03M2] AlHz(k furtt nitroz| &hall o] Za skl 4 o} odef 7= fEM
FiLHE A= 1IM)9} 0.25M2) Fr1slgE R wksE Holl gl «iedx zhadub 3] sbgdS e g,
¢ ntow A o, o] 7ol 3gHEe 48 o] wbalg] AT ol E + UAv BTHE 44
2 K E(LYp 3ed kol sl ebs] = 2 v} gopAlel it ek
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Table 4. Reactin of AlH; with representative sulfur derivatives in tetrahydrofuran at 0°C

comsnn At ot
reduction
Di -n-buty! 0.25 0.13
disulfide 0.5 0.18
1.0 0.23 0.55 0,33
3.0 0.31 0.74 0.42
6.0 0.43 1,10 0.66
24.0 0.60 1.91 1.31
Diphenyl 0.25 0.91 2.01 1.09
disulfide 0.5 2.14 1.23
1.0 2.10
methyl p—tolyl 0.25 0 0 0
sul fide 0.5 0.02 0,02
1.0 0.02 0.02
Dimethyl 0.25 1.13 1.88 0.75
sul fox ide 0.5 2.06 0.93
1.0 2.06 0.93
Diphenyl 0.25 0.02 0.02 0
sul fone 0.5 0,02 0
1.0 0.02 0
met hane- 0.25 1,06 1.06 0
sulfonic acid 0.5 1.06 0
1.0 1,06 0
p— Toluenesul fonic 0.25 3.15 3.15 0
acid monohydrated 0.5 3.15 0
1.0 3.18 0.03
3.0 3.17 0.02
Cyclohexyl 0.25 0.02 0.04 0.02
tosylate 0.5 0.04 0.02
1.0 0.02 0
3.0 0.04 0,02
6.0 0,05 0.03
24,0 0,07 0,05

a-dSee corresponding footnotes in Table.l.
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Table 5. Reaction of representive organic derivatives with excess AlH, LAH, LTMA, and LTBA
in tetrahydrofuran at 0°C

—ALH§ — ~—LAHf — —— L TMAf~— —LTBAN —
Hy- usedTime,Hy- wusedTime, Hy- used Time, Hy- used Time,

Compound® ] ; . .
dride dride dride dride
Evol Redn hr  Evol Redn hr  Evol Redn hr Evol Redn hr

I. Amides and Nitriles
Capr oamide 142 2,01 24 2,01 2,03 6.0 1,94 2,21 24 0 0 24
Benzamide 1.45 1,97 24 2.2 2,07 3.0 2,04 1,79 3,0 0 0 24
Dimethyl caproamide 0 2.02 0.250 1.98 3.0 0 2.09 0,50 0 24
Dimethylbenzam ide 0 2.10 0.5 0 2.02 3,00 1.98 0.5 0 0 24
Capronitrile 0 1.96 1.0 0.24 1,79 3.0 0 1.99 3,0 0 0 24
Benzonitrile 0 2,01 0250 1.4 300 1.85 6,0 0 0 24

II. Nitro Compounds and Derivatives
1- Nitropropane 0.04 0.04 6.0 2,92 3,05 48 2,99 3.04 3.0 0,97 0 2.0
Nitrobenzene 0.19 0,09 6,0 2,53 2,53 3 2.13 2,14 48 0 0 24
Azobenzene 0 0.09 6,0 0,99 1,06 3 0.8 0.79 48 0 0 24
Azoxybenzene 0 0,09 6,0 1,99 2,05 3 1.93 2.07 48 0 0.14 6.0

M. Other Nitrogen Compounds
Cyclohexanone oxime 1,5 2,09 6,0 1,8 1,84 6 1.03 0 3.0 0,74 0 1.0
Phenyl isocyanate 0 2,85 1,0 0 2.99 24 0 3.08 3.0 0 0.98 0,5
Pyridine 0 1.0t 12 0 0.12 6 0 0 3.0 0 1} 24
Pyridine oxide 0.53 2.2 0,25 0,34 1,93 1.0 0 2,05 3.00 0,1 24

V. Sulfur Compounds

Di ~n-butyl disulfide 0.6 1.3124 0.98 1,01 1.0 1,02 0,98 0.5 0.13 0.4 24

Dipheny disulfide 0.91 2,01 0.251.02 1,00 0.5 1,05 1.16 0.5 1,03 0.96 6.0
Methy!l p-tolyl sulfide 0 0.02 3.0 0 0.2 24 0 0 24 0 0 1.0
Dimethyl sulfoxide 1.13 0.93 0.5 1.12 0.9 6.0 0.86 1.32 3.0 0 0 1.0
Dipheny! sulfone 0 0 1.0 0 0.43 3,00 0.32 4,0 0 0.04 24

Met hanesulfonic acid 1.06 0 1,0 1.14 0,01 3,0 1,15 0,17 3.0 1.0 0 1.0
Toluenesulfonic acid 3.150 3.0 3.10 0.10 24 2,98 0 3.0 2330 6.0
Cyclohexyl tosylate 0 0.0524.0 0.28 0.51 24 0.20 0.24 24 0 0.32 24

*Hydride to compound ratio 4:1, except where otherwise indicated. “Hydride to compound ratio
6:1. “Hydride to compound ratio 8:1. ‘Hydride to compound ratio 10:1. ©0.33M AlH '0.25M
LiAlH #0.40M LiAlH(OMe); "1.00M LiAlH(O—t—Bu)s.
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